Quantitative Evaluation of Scanning Electron Microscopy-Examined Ciliary Morphological Changes in Control and Noise Exposed Guinea Pig Cochleas by Rydmarker, S. et al.
Scanning Microscopy 
Volume 3 Number 4 Article 26 
12-29-1989 
Quantitative Evaluation of Scanning Electron Microscopy-
Examined Ciliary Morphological Changes in Control and Noise 
Exposed Guinea Pig Cochleas 
S. Rydmarker 
University of Lund 
P. Nilsson 
University of Gothenburg 
D. E. Dunn 
University of Lund 
C. Lindqvist 
University of Lund 
Follow this and additional works at: https://digitalcommons.usu.edu/microscopy 
 Part of the Biology Commons 
Recommended Citation 
Rydmarker, S.; Nilsson, P.; Dunn, D. E.; and Lindqvist, C. (1989) "Quantitative Evaluation of Scanning 
Electron Microscopy-Examined Ciliary Morphological Changes in Control and Noise Exposed Guinea Pig 
Cochleas," Scanning Microscopy: Vol. 3 : No. 4 , Article 26. 
Available at: https://digitalcommons.usu.edu/microscopy/vol3/iss4/26 
This Article is brought to you for free and open access by 
the Western Dairy Center at DigitalCommons@USU. It 
has been accepted for inclusion in Scanning Microscopy 
by an authorized administrator of DigitalCommons@USU. 
For more information, please contact 
digitalcommons@usu.edu. 
Scanning Microscopy, Vol. 3, No. 4, 1989 (Pages 1253-1264) 0891-7035/89$3.00+.00 
Scanning Microscopy Intern ational , Chicago (AMF O'Hare), IL 60666 USA 
QUANTITATIVE EVALUATION F SCANNING ELECTRON MICROSCOPY-EXAMINED CILIARY 
MORPHOLOGICAL CHANGES IN CONTROL AND NOISE EXPOSED GUINEA PIG COCHLEAS 
S. Rydmarker 1*, P. Nilsson 2, D.E. Dunn1, C. Lindqvist 1 
1 
Department of Otolaryngology and Department of Experimental 
Research, Malmo General Hospital, University of Lund, Malmo, Sweden 
2oepartment of Occupational Audiology, Sahlgren Hospital,Universit y 
of Gothenburg, Gothenburg, Sweden 
(Received for publication April 19 , 1989, and in revised form December 29, 1989) 
Abstract 
Many investigations of noise-induced 
hearing loss have demonstrated a poor 
correlation between hearing threshold and 
hair cell loss. One reason for this is 
that more subtle changes in the hair 
cell, such as detailed morphological 
changes of stereocilia, have not been 
evaluated. However, examining such chang-
es increases the problem of distingui-
shing experimental pathological changes 
from artefacts. Preparation of the speci-
men for scanning electron microscopy 
( SEM) may result in too many artefacts 
for an adequate quantification of defects 
due to noise exposure. 
One problem with some earlier stu-
dies seems to be lack of controls and/or 
statistical analysis for the purpose of 
eliminating the influence of artefacts 
and spontaneous degeneration. 
The aim of this study was to compare 
unexposed and noise-exposed cochleas exa-
mined with SEM in order to determine if 
subtle changes due to noise could be 
distinguished from preparation artefacts 
and from spontaneous deterioration. 
Ten different types of hair cell 
changes were found in exposed and control 
animals. By means of using controls for 
statistical comparison with noise-exposed 
animals two cell damage categories 
hair cell loss and missing stereocilia 
were found to be produced by exposure to 
noise. 
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Introduction 
Investigations of noise-induced hea-
ring loss have demonstrated a poor corre-
lation between hearing threshold and hair 
cell loss (Engstrom et al., 1966; Robert-
son, 1981; Slepecky et al., 1982). It is 
generally accepted that a better unders-
tanding of the ear's ability to process 
information will come from noting more 
subtle changes in hair cell morphology 
rather than simply cataloguing the total 
loss of hair cells. The use of light 
microscopy (LM), transmission electron 
microscopy (TEM), and scanning electron 
microscopy (SEM) to evaluate the effects 
of acoustic exposure on hair cells has 
resulted in the identification of many 
changes in hair cell morphology. However, 
as one examines more subtle morphological 
alterations, the ever-present problem of 
distinguishing pathological changes from 
artefacts increases. A variety of hair 
cell damage conditions have been descri-
bed (Nielsen and Slepecky, 1986). Some 
authors are of the opinion that these 
represent only temporary changes, while 
others interpret them as direct or indi-
rect signs of functional defects (Sou-
dijn, 1976; Hunter Duvar, 1977a; Engstrom 
and Engstrom, 1978; Liberman and Beil, 
1979; Erlandsson et al., 1980). 
Liberman and Beil (1979) have sugge-
sted that the cochlear dissection neces-
sary for SEM evaluation of the stereo-
cilia may result in changes in ciliary 
morphology which would be attributed to 
noise-induced changes. To ensure the pre-
servation of the stereocilia they embed-
ded their specimens in plastic prior to 
dissection and used the light microscope 
to evaluate the condition of the embedded 
stereocilia. They showed that it was also 
possible to evaluate minor changes in 
ciliary morphology with LM. 
Pathological changes can be found in 
unexposed cochleas examined by SEM, but 
no one has hitherto investigated Liberman 
and Beil' s suggestion that the prepara-
tion of a specimen for SEM causes subtle 
changes in ciliary morphology which could 
